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Abstract 
Noises in the output signals of gyroscope influence the seeking north precision of gyroscope. In order to improve the 
seeking north precision of gyroscope, noises must be detected and eliminated. Noise of gyro was analyzed firstly. 
According to the corresponding relationship between the singularity of wavelet transform and the noise of gyroscope 
signals, through detecting the singularities of wavelet transform, the noises in the output signals of gyroscope were 
detected and deleted. Through comparing original signals and the processed signals with this method, it indicates that 
this method is effective, and the north-seeking precision of gyroscope is improved. 
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1. Introduction  
The angular velocity vector about the earth rotation and gravitational acceleration vector can be sensed 
by gyroscope by use of the characteristics of the gyro. Thus, the astronomical meridian plane of the 
measuring point can be determined, and that is the north. As the gyroscope is not confined to the terrain, 
climate, external magnetic field and time, and does not rely on measurement of known points, it can find 
north with high accuracy independently. In order to achieve independent and fast locomotive launch of a 
missile weapon system, gyroscope with these advantages would be the north-seeking equipment selected 
firstly [1]. 
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During the seeking north, the gyroscope would be disturbed unavoidably by many factors, such as gust 
and ground vibration caused by engine units in the launcher. The noise exists unavoidably in the output 
signal of gyroscope, which would affect the seeking north precision of gyroscope. So, some effective 
measures of deleting noise must be taken in order to improve the seeking north precision.  
2. The Analysis of Noise Signal About Gyroscope 
If the gyroscope is set up on the pedestal isolated, and the disturbance is very small, the output signal of 
gyroscope is shown in Fig.1. Affected by many factors, The output signal of gyroscope is stationary signal, 
which fluctuates around its average in a small scope. The sampled data are analyzed by use of the wavelet 
basis haar. The amplitude of high frequent coefficient indicated noises weakens rapidly as the increase of 
decomposable levels, as shown in Fig.2, Fig 3 and Fig 4. It indicates that the noise is even white gaussian 
noise generated in the internal circuit. The singularity points would not exist without the disturbance in 
severe environment. It is shown that the singularity points can be detected by detecting the maximum value 
of wavelet transform, and the corresponding noises can be deleted. The disturbance from the severe 
environment can be deleted and the measuring precision can be improved. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Output signal of gyroscope
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Figure 2   haar wavelet decomposition (1ˈ1) node 
Figure 3  haar wavelet decomposition (2ˈ3) node 
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3. Eliminating disturbance from external environment based on detecting the singularity points 
From above analysis, it indicates that the singularity points in gyroscope output signals would not exist 
under the lab environment. But in practical application, irregular singularity points in the gyroscope output 
signals would exist because of all kinds of disturbances from external severe environment. The singularity 
of useful signals and noise is different. So, through detecting and deleting singularities of output signals, 
the influence of disturbance from external severe environment on seeking north precision of gyroscope can 
be restrained. The environmental adaptation ability of gyroscope can be improved greatly. 
 
 
 
 
 
 
 
 
 
 
 
 
3.1 wavelet transform 
Function )(㺃)( 2 RLt ˈ )Ȧ(ȥ  is the Fourier transform of )(t . If )(t satisfies the following 
condition: 
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Figure 4  haar wavelet decomposition (3ˈ7) node 
856   Tan Lilong et al. /  Physics Procedia  25 ( 2012 )  853 – 859 
)(, tbaM is conjugate of )(, tbaM , so: 
     )()(),( , ttfbaW baf M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The above formula (4) illuminates that the wavelet transform of signal )(tf  is in fact the convolution 
operation of the wavelet )(, tbaM  and the signal )(tf .
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According to above formula (5), when the scale factor 0oa the wavelet transform ),( 0taWf 
of the signal )(tf reflects the local characteristics at the moment 0t  
3.2 detecting the singularity points and eliminating disturbance form external environment based on 
wavelet transform 
If )(t  is regarded as first derivative of some smooth function, module local maximum points of 
wavelet transform correspond to the singularities of signals. If )(t  is regarded as second derivative of 
some smooth function, module zero points of wavelet transform correspond to the singularities of signals. 
So, through detecting the module zero points and local maximum points of wavelet transform, the 
singularities of output signals can be detected.  
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point y in the neighborhood about 0y , if ),(),( 000 yxWyxW ff d , ),( 00 yx is the maximum point 
of wavelet transform. 
The output signal collected of gyro under the disturbed environment is shown in Fig.5, and three level 
details signals received by decomposing original signal with Haar wavelet is shown in Fig.6. In the third 
detail figure, three singularities can be seen obviously. It indicates that three disturbances from external 
environment are severe during collecting data. The reconstruction signal after filtration by use of Haar 
wavelet is shown in Fig.7. Obviously, singularities still exist after filtering with Haar wavelet, and the 
disturbance from environment is not eliminated.  
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Figure 5  original signal of gyro 
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Figure 6  Haar wavelet 3level details 
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Figure 7  reconstruction signal 
with Haar wavelet
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According to the corresponding relationship between the local maximum of wavelet transform and 
singularities, an appropriate threshold is set, and the singularities would be detected and eliminated. The 
disturbance from external environment to output signal of gyroscope would be eliminated. The seeking 
north precision would be improved. According to the threshold set, the processed signal after eliminating 
singularities is shown in Fig 8. Three level details received after decomposing the signal in which the 
singularities are eliminated is shown in Fig 9. The obvious singularities are not seen in the three level detail 
figures. According to the data in which disturbance is eliminated, the signal reconstructed with Haar 
wavelet is shown in Fig 10. The signal is smooth and steady, and there are not obvious singularities. The 
disturbance from external environment is eliminated.  
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Figure 8  signal after eliminating 
disturbed dada 
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Figure 9  three level details decomposed with 
Haar after eliminating disturbed data 
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Figure 10  reconstructed signal with Haar 
wavelet after eliminating disturbed data 
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5. Conclusion 
The environment of gyroscope used for missile collimation is very bad, and the disturbance from 
external environment is very complex. In order to improve the precision of seeking north, these disturbance 
muse be minished or eliminated. In this paper, the noise characteristic of gyroscope signal is analyzed 
firstly. According to the corresponding relationship between the singularities of wavelet transform and the 
noise of gyroscope signal, the noise of gyroscope signal is eliminated through detecting the singularities of 
wavelet transform. By contrasting the data, it indicates that this method is effective, and the north-seeking 
precision of gyroscope is improved. 
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